THE mechanism of healing in a fractured long bone, despite its common occurrence, remains the subject of debate and investigation. ' altogether a different concept from its ability to induce osteogenesis in a non-union. The electrical potentials observed on stressing a bone do not depend on the viability of the tissue and the mechanism by which they reduce changes in bone is unclear. The effect on bone is generally held to be a piezoelectric effect,5 6'7 but others have postulated a pyro-electrical effect8 or an ion exchange mechanism.9
Technical Assistant, Department of Physiology, Queen's University, Belfast THE mechanism of healing in a fractured long bone, despite its common occurrence, remains the subject of debate and investigation.' The factors which initiate, guide and control the various processes of bone repair are still illunderstood. The recent use of electrical stimulation of bone, particularly in nonunion and in pseudarthrosis of the tibia has gained popularity as a possible method of inducing osteogenesis. The first report of the use of electrical stimulation to enhance the healing of fractures was by Hartshone,2 but until fifteen years ago little was known of the effects of electricity on bone. Since then there has been an exponential rise in the number of publications3 and the literature on the subject is both bewildering and confused. 4 mechanism by which they reduce changes in bone is unclear. The effect on bone is generally held to be a piezoelectric effect,5 6'7 but others have postulated a pyro-electrical effect8 or an ion exchange mechanism.9
The mass of evidence, however uncontrolled and circumstantial, points to electricity as a possible signal which may redirect the response of a cell by changing its physical environment. The electrical signal may not be a direct stimulus but indirect, acting by some other physiological mechanism. The physiological mechanism may also be initiated by a number of other different signals. The effect of blood supply on fracture healing is accepted and it is possible that the physiological mechanism involves the blood supply. A fracture of the tibia in the dog produces a dramatic increase in total limb blood flow and specific receptors controlling flow changes are present in the soft tissues and periosteum surrounding the fractured bone.'0 Increased vascularity was confirmed in the human fractured tibia by Rhinelander." In a study of pulsed electromagnetic stimulation in the human fractured tibia J0rgensen"2 observed that with a current in an order of magnitude higher than that used to-day there was an increase in skin temperature at five minutes and maximal at fifteen minutes after application of the electric current. The finding was illustrated by thermography. He postulated that the effect was due to an electrochemical reaction causing vasodilation. However, it is possible that electricity, no matter how induced or at whatever current may, by a change in blood flow, change the environment of the cell in such a way as to induce or enhance osteogenesis. The change in flow could be an effect similar to sympathectomy, i.e. electrical stimulation might block nerve conduction or by a direct effect on local receptors it could cause a vasodilation. A literature search has failed to show any report of the effect of electromagnetic stimulation on the blood flow in a normal limb. Therefore a study investigating the effect of pulsed electromagnetic waves on the calf blood flow of normal subjects was undertaken.
METHOD Electromagnetic Induction
An electronic device as constructed to deliver a train of pulses 200u sec. wide in bursts every 5m.sec. These bursts repeated at a frequency of 10-15 Hz. To obtain such a configuration three separate signal generators were used 5000 Hz, 200 Hz and 10-15 Hz to produce a composite signal. The signal was then amplified and fed into a set of coils wired in series. The resulting electro-magnetic waves between the coils were sufficient to produce an induced voltage 1.5 to 4.5 mV/cm in a search coil between the inducing coils.
Measurement of Calf Blood Flow
Experiments were carried out on eight healthy male volunteers aged 21-28 years lying lightly clad in a laboratory maintained at 23-24°C.
In the first series of four experiments, the coils were applied to the left thigh and right and left calf blood flow were measured by venous occlusion plethysmographyl3 using convenational metal water-filled plethysmographs.
In the second series of four experiments, the coils were incorporated in a specially constructed water-filled plethysmograph made of polycarbonate. Thus the electromagnetic field was applied to the calf at the level at which blood flow was being measured.
In all experiments, calf blood flow was recorded for a three minute control period. The coils were then switched on without the subject's knowledge and flows were recorded for a further three minute period. The coils remained switched on for thirty minutes before being switched off, again without the subject's knowledge. Three minute periods of blood flow were recorded when the coils had been on for ten, twenty, and twenty-seven minutes and for three minutes after switching them off. RESULTS Coils applied to left thigh Before the coils were switched on, the mean left calf blood flow for the group of four subjects was 1.9 ml/100 ml/min (S.E.+ 0.1). Mean flow while the coils were switched on was 2.0 (+0.1), 2.2. (+0.1), 2.3 (+0.1) and 2.4 (±0.1) ml/min. During the three minute period immediately after the coils were switched off, mean left calf blood flow was 2.7 ml/100 ml/min (+0.1).
Similar changes were seen throughout this period in the control right calf. Blood flow rose from an initial value of 2.3 ml/100 ml/min (±0.1) to 2.4 (±0.1), 2.3 (±0.1), 2.5 (±0.1), 2.6 (+0.1) while the coils were on and was 2.8 ml/100 ml/min (±0.1) after the coils had been switched off.
There was no significant difference at the 5Gb level between right and left calf flows at corresponding times.
Coils Applied to Left Calf
The pattern was similar to that in the first series of experiments. Left calf blood flow was 3.0 ml/100 ml/min (±0.2) before the coils were switched on, 3.3 (+0.1), 3.0 (+0.1), 3.1 (±0.2), 3.2 (±0.2) while the coils were on and 3.4 (±0.2) after they had been switched off.
Corresponding values in the control right calf were 2.7 (±0.1), 2.9 (±0.1), 2.8 (±0.1), 2.7 (±0.1), 3 .0 (±0.1) and 3.2 (±0.2).
Once again, there was no significant difference at the 5%o level between right and left flows at corresponding times. DISCUSSION Electromagnetic stimulation of a normal limb failed to produce a significant increase in limb blood flow. This finding could mean that electromagnetic induction of the type used for the treatment of non-unions did not affect blood flow. It could also mean that the stimulation was not applied for a long enough time to affect blood flow (presumably by an indirect mechanism). The other possibility is that small changes in blood flow to bone did occur but were not detected by the method of blood flow measurement used. Venous occlusion plethysmography estimates total limb blood flow and therefore includes skin and muscle components as well as blood flow to bone. Since blood flow through normal bone is about 10% of the total flow, skin and muscle flow make the major contribution. Therefore, if the pulsed electromagnetic waves produced only small changes in bone blood flow and no change in skin and muscle flow, these might not have been detected by venous occlusion plethysmography. However, if the electromagnetic waves do affect blood flow either by a direct effect on the blood vessels themselves or indirectly via metabolic factors, it seems likely that blood flow to all tissues-skin muscle and bone-would be affected.
If we are to embark on expensive and time consuming regimes, and electrical stimulation can be either invasive in its own right or associated with other invasive procedures as part of the regime, or if we raise our patients hopes with prolonged period of immobilisation, then we must understand more fully what we are trying to do before attributing healing to a single process. Many electrical stimulation regimes involve reoperation, bone grafting, internal fixation and graduated exercise programmes, in these cases the effect of electrical stimulation per se is impossible to assess. We must enquire further into the mechanism of electrical stimulation to be sure that the phenomenon is a real one and a direct effect on osteogenesis. Only then can we weigh the benefit of the regime against the efficacy of such treatment.
SUMMARY
The blood flow in the normal lower limb was investigated after pulsed electromagnetic stimulation. No change in the blood flow was detected. It was concluded that electrical stimulation did not directly increase the blood flow to the limb, a mechanism thought to enhance osteogenesis.
